Abstract-The spin-orbit interaction for photons is known to occur when light propagates through anisotropic and/or inho mogeneous media. We suggest that liquid crystalline materials, which are know to exhibit large orientational Kerr optical nonlinearities, can he used to modify the spin-orbit interaction at will through a purely optical third-order nonlinear process. Based on the recently introduced topological optical reorientation of liquid crystals here we present how the orbital angular momentum of the photon can he modified through 'singular' cross-and self-phase-modulation processes. The basic idea relies on the spin-to-orbital angular momentum conversion in light induced spatially patterned anisotropic media.
I. INTRODUCTION
An electromagnetic wave may be described as complex vector field. Its amplitude and phase spatial distribution de termine its propagation properties and ability to interact with matter. Light beams endowed with on-axis phase singularities, usually called optical vortices, are of particular interest. They correspond to a structured phase of the form exp(ie¢), where ¢ is the azimuthal coordinate in the plane perpendicular to the propagation direction and e is called the topological charge.
They found many applications in imaging, optical manipula tion from atomic to microscopic scale, or quantum information (see [I] for a recent review). In particular, an optical vortex with topological charge e carries an orbital angular momentum en per photon [2] , even down to the single photon limit, which is promising for quantum communication [3] .
Several methods have been developed to manipulate the topological charge of an optical vortex, or generate a vortex it self. In linear optics, phase masks or computer generated holo grams are commonly used. The coupling between the spin and the orbital angular momentum of light in inhomogeneous [4] or anisotropic [5] media is another option. On the other hand, nonlinear optics allows to perform simple operations with the topological charges of the beams involved in the nonlinear process. For example, second-harmonic generation provides a double topological charge [6] whereas the more general case of sum-frequency generation gives addition between two given topological charges [7] . However, although being efficient, linear approaches lack of reconfigurability whereas nonlinear ones are more flexible but require high light intensities.
Here we suggest to combine the efficiency of the optical spin-orbit coupling in inhomogeneous and anisotropic media with the flexibility of a nonlinear optical process, thereby re alizing a novel approach for nonlinear singular beam shaping.
978-1-4577-0479-6/11/$26.00 ©2011 IEEE 1 This is possible by using the recently introduced topological optical reorientation of liquid crystals that is characterized by the absence of a light intensity threshold and involves spatial variations of the optical axis with topological charge one [8] .
This is illustrated in Fig. I where the panel (a) shows a nematic liquid crystal film at rest with a perpendicular alignment of its director n (i.e. a unit vector that represents the local average orientation of the liquid crystal molecules).
In addition, the panel (b) refers to the situation when an axially symmetric nonsingular topological defect is induced by a circularly polarized focused light beam into the nematic film [8] . The latter topological defect turns out to be the analog of an electrically induced umbilical defect of topological charge one [9] , which has recently bee n shown to behave as an efficient tunable spin-orbit encoders for photons [10] .
Next, we will first present the case where the optical intensity of a light beam (the 'pump') controls the phase of another beam (the 'probe') in a singular fashion (i.e. with the generation of a screw phase singularity) via their interaction in a nonlinear medium that involves spin-orbit coupling.
Then, the self-interaction case for the pump beam alone will be discussed. For these reasons, we dubbed such nonlinear optical processes as spin-orbit optical cross-and self-phase modulation, respectively. Fig. 3 for different values of (z) for a nematic film thickness L = 100 /Lm and an incident beam internal divergence angle 90 � 14°. This plot emphasizes the threshold1ess character of the topological optical reorientation since P;���': f-0 whatever is Ppump ' 100 600
Ppump (mW) For further details and a systematic confrontation between experimental results and predictions our model, see [12] .
III. SPIN-ORBIT SELF-PHASE-MODULATION
Besides the crossed effects presented above, spin-to orbital angular momentum conversion arising from self-phase modulation can also be obtained. However, in this case, there is a major difference. The spin-to-orbital angular momentum conversion is indeed known to take place even down to the low pump power limit Ppump -> 0, a situation to which we will further refer to as the 'linear regime'. Indeed, a perpendicularly aligned nematic film at rest is the analog of a c-cut uniaxial crystal previously studied experimentally [13] , [14] and theoretically [5] , [15] . Nevertheless, in contrast to the case of solid crystals, significant changes for the photon orbital angular momentum are expected when the beam power increases. The latter changes result from the topological optical reorientation of the nematic liquid crystal-a previously un recognized phenomenon. The situation is illustrated in Fig. 4 .
The description of such a phenomenon implies to simul taneously account for optical spin-orbit coupling in a inho mogeneous anisotropic medium and the orientational optical nonlinearities of liquid crystals under focused light fields, Fig. 4 . Sketch of the spin-orbit optical self-phase-modulation when the pump light field itself experiences spin-orbit interaction due to the topological optical reorientation of the nematic film. In that case the spin-orbit interaction already exists in the linear regime, however, the spin-to-orbital angular momentum conversion is enhanced via a self-stimulated process.
which is obviously a non-trivial task. Still, by considering moderate internal divergence angle for the incident Gaussian beam, it is possible to benefit from the paraxial formulation of cylindrically symmetric beams [15] . Also, by restricting the topological optical reorientation problem to the small re orientation amplitude, one can use above mentioned modeling strategy [II] .
For this purpose, we define the efficiency T}o of the spin to-orbital conversion process in the linear regime as the fraction of the incident power converted into a vortex beam. Following [15] , it expresses as
where /(8) = (tan8/cos28)exp(-2tan28/tan280) and Further details and a systematic confrontation between ex perimental data and simulations will be found elsewhere [16] . 
